Background and Objectives: Laparoscopic surgery (LS) is the most important diagnostic technique for the detection of causes of infertility; however, this method is accompanied by some setbacks. Given the noninvasive nature and cost-effectiveness of hysterosalpingography (HSG), it is widely used as the first-line approach for the evaluation of the patency of the fallopian tubes and uterine anomalies in female infertility. Herein, we aimed to compare the diagnostic values of HSG with LS in the assessment of patency of the fallopian tubes and peritoneal disease in infertile women. 
Introduction
Inability to conceive despite having regular unprotected intercourse during one year or the inability to carry a pregnancy to full term is considered as infertility (1) . In general, the prevalence of infertility is estimated to be 10-15% among young couples (2) . Ovulatory problems are the most common cause of female infertility. In 80% of the cases, infertility usually occurs due to some conditions such as endometriosis or polycystic ovary syndrome (PCOS), while in 20% of the cases the etiology of this condition is unexplained (3) . According to a report in 1997, about 3-7% of all couples have an unresolved problem of infertility. However, experiencing infertility for at least one year is reported in 12-28% of cases (4) .
Due to the infertility problems and long duration of response to treatment, its correct diagnosis to provide appropriate treatment strategies is highly critical. There are several methods for the treatment of female infertility. Furthermore, identifying the etiology of infertility and its subsequent treatment does not always lead to viable pregnancy and live birth (3) .
Considering the high rate of infertility in young couples, its early and correct diagnosis is of great importance. Hysterosalpingography (HSG) and laparoscopic surgery (LS) are the two most important diagnostic procedures for the detection of causes of infertility (5) . Given the noninvasive nature and cost-effectiveness of HSG, it is widely used as the first-line approach for the assessment of the patency of the fallopian tubes and uterine anomalies in the routine fertility workup. As compared to HSG, LS is a less invasive surgical approach, which is performed through making small incisions. In this surgical technique, the surgeon can see into patient's body through the image obtained from a video camera (6) .
Although laparoscopy is a good predictor of treatment-independent pregnancy, this method is accompanied with difficulties that require special training. On the other hand, this technique is more expensive and unsafe than other diagnostic methods (7) . For these reasons, the use of other diagnostic techniques is recommended by physicians. The aim of this study was to evaluate and compare the diagnostic values of HSG with LS in the assessment of patency of the fallopian tube and peritoneal disease in infertile women.
Materials and Methods
This prospective, cross-sectional study was performed on women aged 18-42 years, who were admitted to Department of Obstetrics and Gynecology in Fatemiyeh Teaching Hospital, Hamedan, Iran, during March 2011-September 2012 (18 months).
The sample size was estimated at 115; the participants were chosen through convenience sampling. The inclusion criteria were infertility diagnosis based on World Health Organization (WHO) criteria, abnormal HSG, having laparoscopy indications, and normal HSG without response to three treatment courses for infertility. The exclusion criteria comprised of age less than 18 years and more than 42 years, history of severe sperm pathology, undergoing in-vitro fertilization (IVF), contraindication for LS, and over 12 months elapsed from the last HSG.
The plan was approved by the Ethics Committee of Hamedan University of Medical Sciences. Before the outset of the study, the participants were assured of the confidentiality of the data, and informed consent was obtained from all the participants.
First, the personal data including gender, parity, gravidity, infertility length, type of infertility (primary or secondary), and history of pelvic and abdominal surgery were gathered, and then the results of HSG and LS were recorded based on radiologist report.
In the next step, the patients were divided in two groups of HSG and LS. The two techniques were performed by an infertilitist and their findings were provided in a report sheet designed for the study. Regarding laparoscopy as the reference standard, tubal patency, peritubal adhesion, uterine anomalies, and tubo-ovarian abscess (TOA) findings in HSG were compared with laparoscopic findings. In this study, HSG and LS were compared by McNemar's test. Cohen's Kappa coefficient was applied to evaluate inter-rater agreement for categorical variables. Data was analyzed using SPSS, version 21.
Results
Mean age of the patients was 29.3±62.5 years (age range: 18-42 years). The mean gravidity was 0.66±0.99 (range: 1-5). The mean of parity was 0±0.69 (range: 0-3). The mean of infertility length was 4.83±3.47 years (range: 1-20 years). The remaining information is presented in Table  1 and the frequency of various detections by LS and HSG is shown in Table 2 .
According to Table 2 , the highest frequency was noted for unilateral proximal tubal occlusion in HSG method and TOA had the highest frequency in LS method, while the lowest frequencies belonged to unilateral and bilateral distal tubal occlusion.
The obtained data through HSG and LS is compared in Table 3 . Based on McNemar's test, the comparison between HSG and LS showed no significant differences in diagnosis of unilateral proximal tubal occlusion (P=0.28), bilateral proximal tubal occlusion (P=0.28), proximal fallopian tube occlusion (P=0.076), unilateral proximal tubal occlusion (P=0.12), unilateral distal tubal occlusion (P=1), and bilateral fallopian tubal blockage (P=0.208) among infertile women.
Cohen's kappa coefficient, which evaluates the diagnostic agreement between HSG and LS, was calculated at 0.32 for unilateral proximal tubal occlusion and 0.317 for unilateral distal tubal occlusion. It indicated a relative agreement between findings of these two techniques. Cohen's kappa coefficient was calculated at 0.301 for bilateral proximal tubal occlusion, showing a low congruity between these two techniques. Furthermore, Cohen's kappa coefficient was estimated to be 0.301 for bilateral distal tubal occlusion, 0.278 for proximal fallopian tube occlusion, and 0.269 for bilateral fallopian tubal blockage (P=0.208), demonstrating a low consistency between these two techniques.
The comparison between HSG and LS techniques showed a significant difference in diagnosis of distal fallopian tube occlusion (P=0.021) and unilateral fallopian tube occlusion (P>0.001) among infertile women. Cohen's kappa coefficient showed a low agreement between these two techniques in diagnosis of distal tubal occlusion (K=0.27) and unilateral fallopian tube occlusion (K=0.16).
In addition, there was no significant difference in diagnosis of congenital uterine anomalies (P=0.125) and hydrosalpinges (P=0.26) between HSG and LS methods. Cohen's kappa coefficient showed a relative consistency in diagnosis of congenital uterine anomalies (K=0.558) and a low coordination in diagnosis hydrosalpinges (K=0.18) between these two techniques. The detection difference of HSG and LS is presented in Table 4 . According to our findings, out of the 113 patients with normal HSG, 58 were normal and 18 diagnosed with TOA. Of the patients in whom the HSG was normal, 17 patients had peritubal adhesion, nine had hydrosalpinges, two congenital uterine anomalies, six bilateral proximal tubal occlusion, three unilateral proximal tubal occlusion, two bilateral distal tubal occlusion, and one distal tubal occlusion. The rates of false positive and false negative results, as well as positive predictive value, negative predictive value, sensitivity, specificity, and accuracy of different uterine abnormalities in HSG are presented in Table  5 .
Discussion
According to our findings, unilateral proximal tubal occlusion was a common detection in HSG, while TOA was more frequent in LS technique. Unilateral and bilateral distal tubal occlusions were of low frequency. There was a relative agreement in diagnosis of unilateral proximal tubal occlusion and unilateral distal tubal occlusion between these two techniques. Additionally, a low congruity was observed in the diagnosis of bilateral proximal tubal occlusion, bilateral distal tubal occlusion, proximal fallopian tube occlusion, unilateral and bilateral fallopian tubal blockage, hydrosalpinges, TOA, and normal fallopian tubes between HDG and LS techniques. Additionally, there was a relative coordination in diagnosis of congenital uterine anomalies between two these techniques.
Although LS is superior to HSG in detection of peritubal adhesions and other pelvic pathologies, use of LS is limited due to complications, costs, and stress imposed to patients. HSG should be used as a primary technique for the diagnosis of intrauterine pathologies; however, the use of this technique is not adequate for the diagnosis of all intrauterine pathologies (8) .
One study by Mol et al. showed that LS is a better predictor of treatmentindependent pregnancy compared to HSG. Based on the mentioned study, treatmentindependent pregnancy was decreased with reducing bilateral occlusion of the fallopian tube. Although Mol et al. showed that LS is better than HSG in the diagnosis of intraabdominal injuries, HSG had a better performance in detection of intrauterine pathologies (9) . In our study, the sensitivity of HSG was lower and its specificity in pathologic findings was higher than those obtained by Mol et al. This discrepancy might be due to differences in the applied instruments or other confounding factors.
Similar to our study, accuracy of HSG and LS was compared in a study by Tvarijonaviciene et al., which showed the diagnostic value of HSG was low in general tubal pathology and peritubal adhesion detection and high in tubal occlusion. According to Tvarijonaviciene et al., the sensitivity and specificity of HSG in detection of bilateral occlusion were 89.5% and 90%, respectively, which was in agreement with our findings. In our study, specificity and sensitivity of HSG regarding peritubal adhesion were higher and lower, respectively, in comparison with the results of Tvarijonaviciene (10).
According to a study by Lavy et al., the negative predictive value of HSG is high in the presence of normal findings; however, the possibility of false detection of tubal patency is low if tube occlusion is indicated by HSG. The risk of false detection of tube occlusion is moderate, which may be due to secretion of contrast agent into the tube; therefore, LS should be recommended in all the patients suspected of bilateral tubal occlusion by HSG (11) .
The specificity of HSG in the diagnosis of proximal occlusion was estimated at 70% in a study by Shah et al. (12) , which was higher compared to our finding. The positive predictive value of HSG in diagnosis of bilateral proximal occlusion was lower in our study. Therefore, HSG is an accurate technique for the diagnosis of patency of the fallopian tube, but bilateral occlusion is diagnosed with low sensitivity. This may be as a result of severe stress, pain, and spasms during gadolinium enhancement, which leads to false proximal occlusion detection. More than one-third of our patients had history of at least one miscarriage or curettage, which causes cervical patency and secretion of contrast agent. Consequently, it might cause invisibility of spillage leading to false proximal occlusion detection.
According to another study by Bosteels et al., percent error by HSG in detection of bilateral occlusion of the fallopian tube was 42%, therefore, the use of LS is necessary if bilateral occlusion of the fallopian tube is detected by HSG. Also, the sensitivity and specificity of HSG were 65% and 83%, respectively (13) , which was in accordance with our results.
Waheed et al. showed a significant difference between HSG and LS techniques in diagnostic accuracy of patency of the fallopian tubes; however, there was no difference in diagnostic accuracy of hydrosalpinges between these two techniques (14) , which was confirmed by our results.
The superiority of LS in detection of ovarian, peritubal, and intra-abdominal pathologies was demonstrated by Sakar et al. Their study showed that the sensitivity and specificity of HSG in diagnosis of peritubal adhesion were 63% and 89%, respectively (8) . Moreover, low sensitivity and high specificity in diagnosis of TOA was indicated by HSG, which was confirmed by our study.
Perquin et al. showed HSG has a relative sensitivity and high specificity in detection of tubal obstruction, while its sensitivity for peritubal adhesion and adnexal masses was low (15) . Similar to our study, Sakar et al. showed LS is a better technique for detection of peritoneal lesions.
In a study by Goynumer et al., the sensitivity of HSG regarding pathologic findings was estimated at 80%, which was somewhat consistent with the results of our study. However, the rate of HSG specificity was calculated higher than 80% in our study, while it was 75% in the Goynumer study. That study showed HSG is not appropriate for definitive diagnosis of tubal obstruction, endometriosis pathologies, peritubal pathologies, and other peritoneal lesions (16) .
The accuracy of HSG regarding pathologic findings was confirmed in 75.1% of patients in a study by Mohammadbeigi et al. (17), which was calculated at 73.4% in our study. According to one study by Sakar et al., 45% of patients showed normal findings using HSG, while 65% of them had pathological findings by LS (8) . In our study, the rate of false-positive results was estimated at 42%, the majority of which were TOA and peritubal adhesion.
Based on our study, the diagnostic accuracy of both HSG and LS is relatively equal for detection of hydrosalpinges and intrauterine abnormalities. Since the HSG is less invasive and expensive in comparison with LS, it can be introduced as a better technique for diagnosis of these problems.
Generally, HSG had a median sensitivity and high specificity in diagnosis of fallopian tube occlusion, which is known as a major cause of female infertility (18) . LS is a costly and invasive procedure, with high risk of organ perforation and vascular injuries. Nevertheless, it is an efficient and sensitive technique for identifying some causes of infertility such as endometriosis and pelvic adhesions (14) , which are not detectable by other diagnostic techniques, as was observed in our study.
Although HSG is a safe, cost-effective, and less invasive technique for the diagnosis of endometrial and tubal pathology, LS is a more appropriate and reliable technique in the diagnosis of endometriosis, pelvic adhesions, and other intrauterine pathologies. Therefore, these two techniques cannot be used interchangeably, but can be used as complements.
Conclusion
Our study revealed that HSG is a reliable technique for the detection of tubal occlusion, hydrosalpinges, and uterine anomalies. However, given low sensitivity in detecting peritubal adhesion, performing LS before initiation of treatment in these patients is recommended to rule out adhesion and confirm tubal patency. Congenital uterine anomalies 9.6
Tables
Unilateral proximal tubal occlusion 8.7
Bilateral proximal tubal occlusion 7
Unilateral distal tubal occlusion 3.5
Bilateral distal tubal occlusion 3.5 
